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SUMMARY 

The Hypersonic Tunnel F a c i l i t y  (HTF) a t  NASA Lewis Research Center 's Plum 
Brook S t a t i o n  i s  a blowdown, f ree- je t ,  n o n v i t i a t e d  propu ls ion  f a c i l i t y  capable 
o f  Mach 5, 6, and 7 w i t h  t r u e  temperature, a l t i t u d e ,  and a i r  composit ion simu- 
l a t i o n .  This 
paper discusses t h e  c a p a b i l i t i e s  of HTF and summarizes t h e  r e s u l t s  o f  a r e a c t i -  
v a t i o n  study t h a t  was r e c e n t l y  conducted t o  determine the  cost,  schedule, and 
techn ica l  e f f o r t  requi red t o  res to re  HTF t o  i t s  o r i g i n a l  desjgn operat ing 
c a p a b i l i t i e s .  

The f a c i l i t y  has been i n  a deactivated s ta tus  f o r  13 years. 

INTRODUCTION 

Over the  past  several  years renewed i n t e r e s t  has been generated i n  hyper- 
sonic f l i g h t .  This i n t e r e s t  has been st imulated p r i m a r i l y  by t h e  evolvement 
o f  the  Nat iona l  Aerospaceplane Program (NASP). 
experimental data base i s  requi red I n  a v a r i e t y  o f  areas, i n c l u d i n g  propuls ion,  
s t ructures,  aerodynamics, aerothermal management, and propuls ion I n t e g r a t i o n .  
However, i n  t h e  propuls ion area, there a r e  few f a c i l i t i e s  c u r r e n t l y  a v a i l a b l e  
i n  which t o  t e s t  f u l l  o r  large-scale hypersonic p ropu ls ion  systems and t h e  com- 
ponents o f  these systems. Many o f  the f a c i l i t i e s  t h a t  e x i s t  a re  o l d  and have 
been i n  a standby mode f o r  a number o f  years. 
i s  required. 
i s  a v a i l a b l e  f o r  hypersonic propuls ion t e s t i n g  i s  the  Hypersonic Tunnel F a c l l -  
i t y  (HTF) a t  NASA Lewis Research Center's Plum Brook Stat ion.  
i s  unique i n  t h a t  i t  i s  t h e  l a r g e s t  nonv i t ia ted  hypersonic p ropu ls ion  f a c i l i t y  
w i t h  demonstrated c a p a b i l i t y .  The f a c i l i t y  i s  capable o f  Mach 5, 6, and 7 w i th  
t r u e  temperature, a l t i t u d e ,  and a i r  composition s imulat ion.  

To support NASP a broader 

Upgrading o f  these f a c i l i t i e s  
One f a c i l i t y  t h a t  has been deact ivated f o r  almost 13 years and 

This f a c i l i t y  

Because o f  the  need f o r  hypersonic p ropu ls ion  f a c i l i t i e s  f o r  NASP and the  
b e l i e f  t h a t  HTF could p lay  a key r o l e  i n  t h a t  program, a d e t a i l e d  study was 
conducted from March t o  June 1986 t o  determine the  cost, t ime, and t e c h n i c a l  
e f f o r t  requ i red  t o  r e a c t i v a t e  HTF. This paper w i l l  discuss the  c a p a b i l i t i e s  
o f  HTF, review the  h i s t o r y  o f  t h e  f a c i l i t y ,  and summarize t h e  r e s u l t s  o f  t h e  
r e a c t i v a t i o n  study and the  cur ren t  f a c i l i t y  s ta tus.  

FACILITY DESCRIPTION 

General Descr ip t ion  

The Hypersonic Tunnel F a c i l i t y  (HTF) a t  Lewis Research Center 's Plum Brook 
S t a t i o n  i s  a nonv i t ia ted ,  blowdown, f ree- je t  f a c i l i t y  capable o f  t e s t i n g  large-  



scale hypersonic engines and models a t  Mach numbers o f  5, 6, and 7. The f a c i l -  
i t y  i s  capable of  t r u e  temperature, a l t i t u d e ,  and a i r  composit ion s imulat ion.  
F igure 1 shows an a e r i a l  view and f i g u r e  2 shows a schematic view o f  t h e  f a c i l -  
i t y .  The h e a r t  o f  the  f a c i l i t y  i s  a gaseous n i t r o g e n  (GN2) i n d u c t i o n  storage 
heater t h a t  i s  designed t o  prov ide maximum heater e x i t  f l o w  cond i t ions  o f  about 
130 lb/sec, 1200 psia, and 4500 O R .  Downstream o f  t h e  heater c o l d  gaseous oxy- 
gen and c o l d  gaseous n i t rogen are  i n j e c t e d  i n t o  t h e  h igh  temperature gaseous 
stream t o  provide a simulated a i r  composit ion and t h e  c o r r e c t  i n l e t  s tagnat ion 
temperature t o  the nozzle i n l e t .  There are  interchangeable Mach 5, 6, and 7 
nozzles, each having an e x i t  diameter o f  42 i n .  The i n v i s c i d  core diameter o f  
t h e  t h r e e  nozzles i s  about 2 ft. The t e s t  chamber i s  25 f t  i n  diameter and 
20 f t  high. The t e s t  chamber i s  evacuated us ing a s ingle-stage steam e j e c t o r .  
The e j e c t o r  evacuates the t e s t  chamber t o  a 1.3 p s i a  pressure l e v e l .  
fuser  i s  used t o  prov ide a d d i t i o n a l  pumping c a p a b i l i t y  t o  reach 0.07 p s i a  
(120 000 f t  a l t i t u d e ) .  The t e s t  chamber contains a model i n j e c t i o n  system and 
a t h r u s t  mount assembly. The model i n j e c t i o n  system i s  designed t o  handle 
research packages weighing up t o  16 000 l b .  The system p i v o t s  on bear ings 
mounted a t  t h e  top o f  the t e s t  chamber. The v e r t i c a l  c e n t e r l i n e  swings 22.5' 
o f f -center ,  moving the  model c e n t e r l i n e  4 f t .  
handle an 8500 l b  t h r u s t  load and can be p i tched from the  a f t  t o  achieve an 
angle o f  a t t a c k  t o  5'. The t a b l e  can be t r a n s l a t e d  a x i a l l y  about 2.5 f t  t o  
a l l o w  i n s e r t i o n  o f  a model i n t o  the  rhombus area o f  t h e  nozzle.  The f r e e - j e t  
leng th  o f  t h e  t e s t  chamber can be adjusted by t r a n s l a t i n g  t h e  d i f f u s e r .  
maximum length  i s  about 10 f t .  

A d i f -  

The t h r u s t  t a b l e  i s  designed t o  

The 

Refer r ing  t o  f i g u r e  1, the  steam supply system f o r  t h e  e j e c t o r  o r i g i n a t e s  
approximately 3000 f t  away from HTF. The b o i l e r  house equipment cons is ts  o f  
f o u r  operat ional  b o i l e r s  each capable o f  supply ing 25 000 l b / h r  o f  saturated 
steam a t  500 ps ig t o  f i v e  accumulators. 
o f  steam when discharging from 500 p s i g  saturated steam t o  200 p s i g  saturated 
steam. The steam consumption f o r  t h e  HTF e j e c t o r  i s  500 lb/sec a t  130 ps ig.  
The c o n t r o l  room f o r  HTF i s  about 1500 f t  o f f  t o  t h e  l e f t  o f  f i g u r e  1. Also 
shown i n  f i g u r e  1 i s  some o f  t h e  gas and cryogenic storage. A f i x e d  oxygen gas 
storage o f  500 000 standard f t 3  a t  2400 p s i g  i s  a v a i l a b l e  f o r  mix ing w i t h  
h igh  temperature n i t rogen t o  prov ide simulated a i r .  F ive  gaseous hydrogen 
tuber s t a t i o n s  are a v a i l a b l e  f o r  engine f u e l  w i t h  a t o t a l  capaci ty  o f  350 000 
standard f t 3  a t  2400 ps ig.  A gaseous hydrogen pebble bed res is tance heater  
i s  capable o f  heating 2.5 lb/sec f rom ambient temperature t o  1660 O R  f o r  
90 sec. For engines us ing l i q u i d  hydrogen as a f u e l  a 6000 g a l  super insu- 
la ted ,  vacuum jacketed h igh pressure storage dewar i s  ava i lab le .  A key p a r t  
o f  the  f a c i l i t y  t h a t  i s  n o t  shown i n  f i g u r e  1 i s  a p o r t a b l e  gaseous n i t r o g e n  
r a i l c a r  having a capaci ty o f  726 000 standard f t 3  a t  5000 ps ig.  This r a i l c a r  
i s  the  gaseous n i t rogen supply f o r  t h e  i n d u c t i o n  storage heater.  The r a i l c a r  
was removed f r o m t h e  s i t e  about 1980 and i s  p resent ly  being used a t  t h e  NASA 
Nat ional  Space Technology Laboratory (NSTL) i n  Bay S t .  Louis, MS. A d d i t i o n a l  
f a c i l i t y  descr ip t ion  i s  contained I n  reference 1. 

The accumulators each supply 28 900 l b  

Graphite Induc t ion  Heater 

A schematic o f  the graph i te  i n d u c t i o n  storage heater i s  shown i n  f i g u r e  3.  
The heater consists o f  a stacked ar ray  o f  1 5  d r i l l e d  g raph i te  cy l inders ,  each 
6 f t  i n  diameter and 2 f t  high. 
blocks.  A t y p i c a l  g raph i te  sec t ion  and key b lock a r e  shown.in f i g u r e  4. There 
are  approximately 1100 d r i l l e d  holes i n  each block.  The g r a p h i t e  core assembly 

The blocks a r e  a l igned w i t h  hexagonal key 
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is thermally insulated with an approximate 7-in.-thick layer of carbon felt and 
a 2-in.-thick silicon carbide tile wall. 
are located around the tile wall. A steel pressure vessel contains the entire 
heater assembly. Power to the coils is a maximum 3 MW. Downstream of the 
heater in the horizontal hot train piping (fig. 2) a shutter valve isolates the 
heater from atmospheric oxygen during periods of heating the graphite core. 
In operation,'the graphite blocks are heated very slowly (-30 OR/hr above 
2500 OR) to avoid thermal-induced cracking. During the heating cycle, a 5 psig 
nitrogen purge is maintained in the heater. 
scribed temperature the upstream shutter valve and the valve between the heater 
and portable railcar are opened. The ambient gaseous nitrogen enters the bot- 
tom of the heater (fig. 3) and pressurizes the space between the tile wall and 
external shell. The nitrogen is routed back to the bottom of the heater where 
it flows through the holes in the blocks and is heated. The flow exits the 
heater and makes a right-hand turn (fig. 2). The piping between the heater 
exit and shutter valve is carbon-lined and water cooled. Diluent oxygen and 
nitrogen are added at the diluent injection flange to create synthetic air and 
to control the inlet stagnation temperature to the nozzle. 

Water-cooled copper induction coils 

When the blocks are at the pre- 

The design operating envelope for HTF is shown in figure 5. Altitude is 
plotted against Mach number. 
stagnation pressure are also shown. The design operating envelope spans from 
68 000 to 120 000 ft altitude, 70 to 1200 psia nozzle inlet stagnation pres- 
sure, and 2200 to 4200 O R  nozzle inlet stagnation temperature. The operating 
envelope is constrained by the limiting factors shown. The stagnation pressure 
limit of 1200 psla is based on the maximum allowable GN2 induction heater 
operating pressure. The mixture temperature limit is based on the maximum 
allowable GN2 heater exit temperature. The mass flow limit is based on the 
maximum allowable GN2 heater flow rate. The altitude limit is established 
by the mlnimum pressure attainable with the steam ejector system. A sumnary 
o f  the flow conditions at the three Mach numbers is shown n table I. At each 
Mach number the mlnimum and maximum design flow conditions are tabulated for 
the nozzle and the test section. The nozzle flow rate inc udes the combined 
hot nitrogen flow and the diluent flow. 
times from 42 sec to about 5 mln are achievable. 

Lines of nozzle inlet stagnation temperature and 

Over the range of flow conditions run 

HTF HISTORY 

The history of HTF spans approximately 5 years. In 1966 the facility was 
initially constructed as a hydrogen heat transfer facility. From June 1969 to 
June 1971 modifications were made to convert the facllity to a hypersonic tun- 
nel. 
piping and nozzles, the test chamber, the steam ejector, and the conversion of 
the induction storage heater from a pebble-bed design to the drilled graphite 
core design. From June 1971 to December 1971 the facility was calibrated. The 
facility nozzles were calibrated over a range of stagnation pressure and tem- 
perature from 200 to 1000 psia and 1980 to 3150 OR. Vertical and horizontal 
surveys of Mach number were made for each nozzle and a gas sample to determine 
the test gas composition was obtained at Mach 6. The results from these cali- 
bration tests are discussed in reference 1. From January.1972 to October 1973 
the Hypersonic Research Engine (HRE) was installed and checkout runs were made. 

The major modifications were the addition of the horizontal hot train 
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The HRE P r o j e c t  was i n i t i a t e d  f o r  the  purpose o f  advancing t h e  technology o f  
a i r b r e a t h i n g  propuls ion f o r  hypersonic f l i g h t .  
formance t e s t s  were conducted i n  HTF on a f u l l - s c a l e ,  water-cooled, gaseous 
hydrogen fue led  version o f  the  HRE c a l l e d  t h e  Aerothermodynamic I n t e g r a t i o n  
Model ( A I M ) .  The purpose o f  t h e  t e s t s  i n  HTF was t o  i n t e g r a t e  t h e  aerothermo- 
dynamic components ( i n l e t ,  combustor, and nozzle) and t o  assess t h e  engine per- 
formance a t  Mach numbers o f  5, 6, and 7. For these t e s t s  t h e  gaseous hydrogen 
was heated t o  1500 O R  p r i o r  t o  i n j e c t i o n  t o  s imulate a regenera t ive ly  cooled 
system. A photograph o f  t h e  HRE i n s t a l l e d  i n  HTF w i thout  t h e  ex terna l  shroud- 
i n g  i s  shown i n  f i g u r e  6. The engine was an a x i s y m e t r i c  model w i th  a t rans-  
l a t i n g  spike. The engine was 18 i n .  i n  diameter a t  t h e  cowl and 87 i n .  long. 
During t h e  t e s t s  t h e  engine was near ly  completely enshrouded, 
11-in. gap between t h e  f a c i l i t y  nozzle e x i t  and t h e  f r o n t  o f  t h e  shroud. The 
combined model and s t r u t  blockage was about 50 percent.  

The i n t e r n a l  aerodynamic per- 

except f o r  an 

The HRE t e s t  program was conducted from October 1973 t o  May 1974. A sum- 
mary o f  t h e  t e s t  condi t ions i s  shown i n  t a b l e  11. Overa l l ,  t h e r e  were 52 t e s t s  
over a span o f  about 112 min. Approximately 30 min o f  t h i s  t ime was a t  Mach 7. 
It should be noted t h a t  t r u e  temperature s imu la t ion  o f  3700 O R  a t  Mach 7 was . 
n o t  achieved. A t  the  completion o f  t h e  Mach 7 t e s t i n g  a maximum temperature 
o f  on ly  about 3000 O R  could be obtained. 
a t t r i b u t e d  t o  GN2 i n d u c t i o n  heater d e t e r i o r a t i o n  and a lack  o f  t ime t o  Imple- 
ment necessary repairs.  This heater d e t e r i o r a t i o n  problem w i l l  be discussed 
l a t e r .  I n  s p i t e  o f  t h i s  heater problem, as w e l l  as minor f o r e i g n  ob jec t  damage 
caused by eroded carbon duct l i n e r s ,  t h e  HRE t e s t  program was considered suc- 
cess fu l .  
s ta te-of - the-ar t  i n  hypersonic propuls ion, valuable experience was acquired i n  
f r e e - j e t  t e s t i n g  i n  a ground t e s t  f a c i l i t y  w i t h  l a r g e  model blockage and com- 
bust ion.  References 2 t o  5 present a d e t a i l e d  sumnary o f  t h e  HRE A I M  t e s t  
r e s u l t s .  A t  the  completion o f  the  HRE t e s t  program, HTF was placed i n  a 
standby condi t ion.  As w i l l  be discussed i n  the next  sect ion,  t h e  f a c i l i t y  
remained i n  a standby mode u n t i l  a r e a c t i v a t i o n  study was i n i t i a t e d  i n  March 
1986. 

This decreased temperature was 

Besides ob ta in ing  a l a r g e  data base which helped t o  advance t h e  

R E A C T I V A T I O N  STUDY 

From t h e  ear ly 1970's u n t i l  1985 there  was l i t t l e  i n t e r e s t  i n  hypersonic 
As a r e s u l t ,  a number o f  hypersonic propul -  propuls ion o r  hypersonic f l i g h t .  

s ion  f a c i l i t i e s  were placed i n  standby condi t ion.  The key s t imulus f o r  t h e  
r e v i v a l  i n  hypersonic f l i g h t  was the  evolvement o f  t h e  Nat ional  Aerospaceplane 
Program (NASP). Along w i t h  t h i s  r e v i v a l  I s  the  need t o  r e a c t i v a t e  e x i s t i n g  
hypersonic f a c i l i t i e s ,  as w e l l  as t o  const ruct  new f a c i l i t i e s .  Because HTF has 
remained the  la rges t  n o n v i t i a t e d  hypersonic p ropu ls ion  f a c i l i t y  w i t h  demon- 
s t r a t e d  c a p a b i l i t y  i n  s p i t e  o f  being i n a c t i v e  f o r  about 13 years, i n t e r e s t  was 
generated t o  consider r e a c t i v a t i o n  o f  HTF. It was ev ident  t h a t  a f t e r  t h e  years 
o f  i n a c t i v i t y ,  a d e t a i l e d  study was requi red t o  determine t h e  cost,  schedule, 
and techn ica l  e f f o r t  requi red t o  r e a c t i v a t e  HTF. I n  March 1986 a $120 000 
4-month r e a c t i v a t i o n  study was i n i t i a t e d  by t h e  Aeropropulsion F a c i l i t i e s  and 
Experiments D iv is ion  of  NASA Lewis' Aeronautics D i rec tora te .  Two key assump- 
t i o n s  were made a t  the  outset  o f  the  study. F i r s t ,  on ly  f a c i l i t y  r e l a t e d  costs  
were t o  be included. No model r e l a t e d  costs were considered. Secondly, the  
study was t o  determine t h e  minimum cos t  necessary t o  r e a c t i v a t e  HTF. Wherever 
possible,  r e h a b i l i t a t i o n  o r  r e p a i r  o f  f a c i l i t y  systems hardware was t o  be con- 
s idered r a t h e r  than replacement. The major inspec t ion  i tems dur ing  t h e  course 
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of the  study were the  GN2 i nduc t i on  storage heater, the  ho t  t r a i n  components, 
t he  steam system, the  instrumentation, c o n t r o l  and data systems, the  process 
and e l e c t r i c a l  systems, and the  f a c i l i t y  s t ruc tu re .  I n  add i t ion ,  f o u r  o ther  
concerns needed t o  be addressed. F i r s t ,  because of the  p rev ious l y  s ta ted  prob- 
lem w i t h  t h e  GN2 i n d u c t i o n  heater, t he  need t o  assess the  reasons f o r  the  
heater de ter i .o ra t lon  was considered c r i t i c a l .  I n  order t o  r e t u r n  HTF t o  i t s  
o r i g i n a l  design operat ing c a p a b i l i t i e s ,  r e l i a b l e  heater operat ion i s  deemed 
essen t ia l .  Secondly, the  cause f o r  the previous HRE model erosion problem 
needed t o  be resolved. 
Th i rd l y ,  because o f  the  l a rge  number o f  15 t o  20 year o l d  pressure vessels i n  
use a t  HTF, r e c e r t i f i c a t i o n  o f  these vessels needed t o  be Included. F l n a l l y ,  
environmental concerns needed t o  be addressed. The steam accumulators and 
about h a l f  o f  the steam l i n e  a re  asbestos insulated. Over the  years t h i s  insu- 
l a t i o n  has de te r io ra ted  and needs t o  be replaced. I n  add i t ion ,  a number o f  
po l ych lo r i na ted  biphenyl (PCB) transformers and capaci tors need t o  be cleaned 
o r  replaced. 

Good f l o w  q u a l i t y  i s  necessary f o r  p ropu ls ion  t e s t i n g .  

REACTIVATION STUDY FINDINGS AND CONCLUSIONS 

The r e a c t i v a t i o n  study was completed !n .lune 1986- A 1 1  nf the fac!!!ty 
systems were found t o  be I n  good condi t ion.  No nshow stoppersn were uncovered. 
The study concluded t h a t  t he  HTF systems components can be repa i red  o r  replaced 
t o  b r i n g  the  f a c i l i t y  back t o  i t s  o r i g i n a l  design c a p a b i l i t i e s .  I n  add i t i on ,  
t he  previous GN2 i nduc t i on  heater i n t e g r i t y  and model erosion problems were 
studied and so lu t ions  proposed. The ove ra l l  cos t  t o  r e a c t i v a t e  HTF was e s t i -  
mated t o  be about $4.6 m i l l i o n .  The minimum r e a c t i v a t i o n  t ime would be 
16 months. This includes 12 months t o  r e h a b i l i t a t e  the f a c i l i t y  systems, two 
months t o  conduct an i n t e g r i t y  systems checkout, and two months t o  conduct 
about f o u r  ho t  blowdowns w i t h  c a l i b r a t i o n  rakes i n s t a l l e d  t o  rees tab l i sh  the  
base l ine  f l o w  q u a l i t y .  

The annual operat ing costs once HTF I s  f u l l y  reac t i va ted  were also e s t i -  
mated du r ing  the  study. Two separate estimates were made, one based on 25 runs 
per year and the  other based on 100 runs per year. 
case, the  estimated cos t  per run would be $77,000. This includes the  cos t  o f  
the  consumnables (oxygen, ni t rogen, fue l  o i l ) ,  e l e c t r i c a l  power t o  run the  
Induc t i on  heater, and the  manpower support t o  operate the  f a c i l i t y .  
100 runs per year case, t he  cos t  per run would be reduced t o  $31 000. 
ference between the  two cases i s  due t o  the  f a c t  t h a t  when t h e . f a c i l i t y  i s  
operated on a more frequent basis, the steam accumulators and the  i nduc t i on  
heater a re  maintained i n  a standby status. 
o f  the  f u e l  o i l  t o  heat the  steam bo i l e rs  and the  e l e c t r i c a l  power f o r  t he  
I n d u c t i o n  heater. 

For the  25 runs per year 

For the 
The d i f -  

This s i g n i f i c a n t l y  reduces the  cos t  

S i g n i f i c a n t  t ime was devoted t o  the two previous f a c l l i t y  problems. Dur- 
i n g  the  study the top  e i g h t  g raph i te  blocks i n  the  heater were removed. These 
e i g h t  blocks are a t  the  h o t t e s t  temperature dur ing  operation. 
the  heater a f t e r  disassembly showed tha t  the heater problem was due t o  a s e r i -  
ous d e t e r i o r a t i o n  o f  t he  carbon i n s u l a t i n g  f e l t  ( f i g .  3)  t h a t  ex i s ted  down t o  
the  e igh th  block l e v e l .  
F i r s t ,  leaks ex is ted  i n  the  water-cooled i nduc t i on  heat ing  c o i l s .  When the  
heater was a t  elevated temperatures a serious chemical a t tack  o f  t he  water on 
the  carbon f e l t  resu l ted .  F e l t  i n t e g r i t y  I s  c r i t i c a l  t o  ma in ta in ing  heater 
i n t e g r i t y .  The ho t  i n s u l a t i n g  f e l t  was p a r t i c u l a r l y  vulnerable because of  i t s  

Inspec t ion  o f  

The d e t e r l o r a t i o n  was a t t r i b u t e d  t o  two sources. 
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large surface to volume ratio. A second problem source was oxygen contamina- 
tion in the gaseous nitrogen from the railcar. A review of facility logbooks 
from the HRE test program showed that only random samplings for oxygen contam- 
ination were made and one or two of these samplings indicated higher than 
desired contamination levels. However, the water leaks and oxygen contamina- 
tion did not appear to have a deleterious effect on the 15 graphite blocks. 
Nevertheless; one o f  the blocks was cracked and needs to be replaced. A three- 
part solution to the heater problem was proposed. Graphite felt should be used 
as an insulator rather than carbon felt. When the graphite felt is manufac- 
tured it goes through addittonal heat treatment and is more impervious to any 
water or oxygen attack. In addition, an alternate cooling media for the induc- 
tion heater coils should be considered. A Freon-based system could be used 
instead of a water system. In the event of a leak the Freon would be inert and 
not attack the felt. Thirdly, constant oxygen monitoring in the heater and in 
the gaseous nitrogen supply line to the heater is required. Oxygen contamina- 
tion no greater than 10 parts per million can be tolerated. 

The model erosion problem was also studied in detail. The source of the 
problem was major erosion of the carbon liner in the piping upstream of the 
shutter valve (fig. 2). During disassembly of the hot train piping about a 
1-ft length of this liner was missing and another 1-ft length significantly 
eroded. The liner erosion was attributed to water flashback during facility 
shutdown after a test run. The shutter valve is slow-closing (about 30 sec to 
close) and was designed to accept no differential pressure. As a result, as 
the ejector was being shutdown and the pressure began rising in the test cham- 
ber, backflow would occur. Steam from the ejector, as well as water from the 
spray-ring in the diffuser and from leaks in the water-cooled engine would flow 
back up the hot train piping. Since the shutter valve was slow closing, the 
water would go past the valve and impinge on the hot carbon liner. The liner 
seriously eroded and during subsequent runs the carbon particles would be blown 
back down the tunnel and impinge on the model. This water flashback was also 
considered a possible additional cause for the heater carbon felt deterioration 
problem. The solution to this erosion problem is to add a valve in the hot 
train piping imnedlately downstream of the existing shutter valve. This second 
valve would be designed to accept a higher differential pressure (about 
150 psia) and would be fast-closing. A rescheduling of the operational facil- 
ity shutdown procedures could also be done. With the addition of this backup 
valve water flashback would not be allowed to impinge on the carbon liners. 

- 

CURRENT FACILITY STATUS 

At present, a minimum reactivation effort is underway. Several of the 
cricital-path actlvities are being addressed. 
completely disassembled. The graphite blocks will be rehabilitated and 
replacement graphite felt purchased. 
restudied to ensure that the proper solutions are selected. 
nitrogen railcar I s  being returned from NSTL, repaired and recertified. The 
hot train components are being rehabilitated. Final designs are underway for 
the additional hot train valve and the new cooling system for the induction 
heater coils. No commitments exist for the balance of the required reactiva- 
tion funding. However, it is hoped that funding will be made available to 
allow resumption of operation in HTF in the 1989 or 1990 timeframe. 

The induction heater is being 

The previous heater problem is being 
The large gaseous 
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CONCLUDING REMARKS 

. 

The Hypersonic Tunnel F a c i l i t y  i s  an unique f a c i l i t y  whose c a p a b i l i t i e s  
a re  s u i t a b l e  f o r  a v a r i e t y  o f  hypersonics programs i n  the  areas of propuls ion, 
s t ruc tu res ,  aerodynamics, aerothermal management, and propu ls ion  I n t e g r a t i o n .  
To date, t he re  i s  no heater system being proposed t h a t  provides higher tempera- 
t u r e  simulated a i r  cond i t ions  than HTF was designed t o  provide. HTF would no t  
on ly  be s u i t a b l e  t o  support NASP, but a l s o  could support a supersonic c r u i s e  
propu ls ion  program. Even though the f a c i l i t y  i s  n o t  ye t  reac t iva ted ,  plans a re  
being developed t o  expand the  operat ional  envelope. Costs a r e  being determined 
t o  purchase a Mach 4 f ree-Je t  nozzle and a l so  t o  modify the  f a c i l i t y  t o  p rov ide  
a Mach 10 direct-connect c a p a b i l i t y .  For t h i s  Mach 10 c a p a b i l i t y ,  a v i t i a t e d  
heater would be i n s t a l l e d  downstream o f  the  i nduc t i on  heater t o  p rov ide  Mach 10 
enthalpies.  New two-dimensional nozzles would a l s o  be i n s t a l l e d  i n  the  Mach 3 
t o  3.5  range. This expanded c a p a b i l i t y  would p rov ide  t h e  a b i l i t y  t o  study the  
e f f e c t s  o f  v i t i a t i o n  on supersonic combustion. 
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. 

Mach Nozzle 
number . 

Pressure, Temperature, Flow, Throat E x )  t 

I n .  I n .  
p s l a  O R  lb/sec dlameter, d iameter,  

5 41 0 2200 189 7.2 42 
70.5 2420 30.9 7.2 

6 1200 2965 222 4.9 42 
144 331 0 25.4 4.9 

7 1200 3830 104 3.5 42 
430 41 90 36.19 3.5 

TABLE I .  - H1F FLOW SUMMARY 

Test sec t i on  

S t a t l c  S t a t t c  A l t t t u d e ,  Run 
pressure temperature, 1000 f t  t ime  

p s l a  "R 

0.74 384 68 103 sec 
108 4.9 mln .118 428 

.61 390 12 42 sec 

.07 1 451 120 4.9 mln 

.33 41 2 93 90 sec 

.071 451 120 3 mtn 

5 
6 
7 

TABLE 11. - HRE 1-ES1 SUMMAHY 

5 19.5 21 0 /415 221 0 /3000 
36 63 .3  470/750/930 1500/3000 
11 29.0 1000 3000/3500 

number 

l o t a l  52 111.8 

T e s t  p e r i o d  
I 

- Mach 6 10 /73  t o  1 2 / 7 3  
- Mach 7 01/74 t o  03/74 
- Mach 5 03/74 t o  04/74 
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FIGURE 1. - HTF AERIAL VIEW. 
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WATER COOLING FLANGE 
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PEST CHAMBER 

I SPRAY 
COOLER 

DIFFUSER 

i r EJECTOR 

CD-86-20886 
(B) DIFFUSER AND EJECTOR. 

FIGURE 2. - HTF SCHEMATIC VIEW. 
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FIGURE 4 .  - GRAPHITE BLOCK FROM INDUCTION STORAGE HEATER. 
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FIGURE 6. - HRE MODEL INSTALLATION. 
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